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Combined Forward-Backward Asymmetry Measurements in
Top-Antitop Quark Production at the Tevatron
Supplemental Material
CDF and DO Collaborations

In this document, we provide supplemental information on the combination of the CDF
and D0 measurements of the forward-backward asymmetries in #f pair production at the
Fermilab Tevatron [1].

I. t PRODUCTION ASYMMETRY, Al

Table I reports the uncertainties for each of the contributing measurements to the
inclusive ¢t asymmetry, Aff;, and the uncertainties for their combination in the fit. Table IT
shows the individual inclusive A¥; measurements and uncertainties, as well as their
combination. The contribution, in terms of the weights determined by BLUE [2—1], of each

measurement in the fit are also shown.

Table IIT shows the inputs to the differential A%y vs. my; fit and their uncertainties.
Figure 1 shows the combined result for the differential A%, vs. my; data. The linear fit
to the data and its one standard deviation (SD) uncertainty are shown by the black solid
line and gray shaded band; the corresponding quantities for the theoretical prediction are
shown by the orange line and shaded band. Figure 2 shows the correlations of the slope
and intercept at my; = 450 GeV/c? for the data and theoretical prediction. The smaller
orange ellipse shows the correlation of the slope and intercept of the NNLO QCD + NLO
EW prediction of Ref. [5-7].

Figure 3 shows the correlations of total uncertainties between adjacent m; bins, for the
CDF and DO data, as well as for the combination. The correlations between the individual
CDF and DO measurements for the third bin with adjacent bins of m; result in a combined
asymmetry value that is smaller than either of the inputs for the third bin. This behavior
indicates the presence of large correlations and can be understood when looking at the
orientation of the correlation ellipses in Figure 3(c). The 68% confidence level ellipses
show smaller uncertainties for the CDF inputs than for the DO inputs. The smaller CDF
uncertainties results from the different choice made by CDF for the regularization method
used to correct for detector effects. )

Table IV shows the covariance matrix of the combined differential Aff; vs. my;. Table V
shows the correlation matrix for the total uncertainties of the combined CDF and DO differ-
ential Al vs. myz. Table VI shows the inputs to the differential Ay vs. |Ayy| fit and their
uncertainties. Table VII shows the covariance matrix of the total uncertainties of the differ-
ential Affy vs. |Ayyz| inputs to the combined fit. Table VIII shows the correlation matrix of
the total uncertainties of the differential A%y vs. |Ayz| inputs.



II. SINGLE LEPTON ASYMMETRY, A4y

Table IX reports the uncertainties for each of the contributing measurements to the
inclusive single lepton asymmetry, A%y, and the uncertainties for their combination in the
fit. Table X shows the individual inclusive ALy measurements and uncertainties, as well as
their combination. The weights of each measurement in the fit are also shown.

III. DILEPTON ASYMMETRY, A%,

Table XI reports the uncertainties for each of the contributing measurements to the
inclusive dilepton asymmetry A%, and the uncertainties for their combination in the fit.
Table XII shows the individual inclusive A%y measurements and uncertainties, as well as
their combination. The weights of each measurement in the fit are also shown.

Table I: Statistical and systematic uncertainties in the individual inclusive A%EB inputs as well as
in the resultant combination.

Uncertainty ~ CDF f(+jets [8] CDF ¢4 [9] DO ¢+jets [I0] DO ¢¢ [11]  Combination
Statistical 0.039 0.11 0.027 0.056 0.021
Background 0.022 0.04 0.010 0.007 0.008
Signal 0.011 0.05 0.005 0.026 0.009
Detector 0.007 0.02 0.003 0.001 0.003
Method 0.004 0.02 0.005 0.014 0.004
PDF 0.001 0.01 0.004 0.003 0.003

Table II: Inputs to the combination of the inclusive t¢ asymmetries and results of the combination.

. 7 Uncertainty :
Analysis Arp Stat. Syst. Total Weight
CDF {l+jets [3] 0.164 0.039 0.026 0.047 0.25
CDF ¢¢ [9] 0.12 0.11 0.07 0.13 0.01
DO (+jets [10] 0.106 0.027 0.013 0.030 0.64
DO ¢ [11] 0.175 0.056 0.031 0.063 0.11

Combination 0.128 0.021 0.014 0.025




Table III: Inputs of the A%?B results in the f+jets channels, along with their statistical (Stat)
and systematic uncertainties broken down for the individual m, bins. The listed systematic un-
certainties originate from the measurement method (Method), signal modeling (Signal), parton-
distribution function (PDF), detector modeling (Detector), and from background shape (Bkd dist)
and background normalization (Bkd norm).

ma [GeV /2] AtFt_B Uncertainty

Total Stat Method Signal PDF Detector Bkd dist Bkd norm
DO (+jets
350-450 0.079 0.050 0.046 0.011 0.015 0.005 0.005 0.007 0.001
450-550 0.141 0.064 0.060 0.018 0.010 0.011 0.0024 0.007 0.001
550-650 0.376 0.188 0.181 0.011 0.028 0.035 0.018 0.010 0.002
> 650 —0.123 0.292 0.287 0.017 0.009 0.043 0.030 0.014 0.003
CDF (+jets
350-450 0.084 0.055 0.046 0.012 0.009 0.001 0.013 0.021 0.008
450-550 0.255 0.071 0.062 0.002 0.021 0.001 0.013 0.017 0.016
550-650 0.370 0.121 0.084 0.001 0.077 0.001  0.032 0.011 0.021
> 650 0.493 0.193 0.158 0.023 0.091 0.001 0.045 0.021 0.031

Table IV: Covariance matrix of the combined CDF and DO differential A%?B VS. My7.

myz [GeV/c?] 350-450 450-550 550-650 > 650

350-450 +0.0013690 +0.0007672 +0.0002512 +0.0003644
450-550 +0.0007672 ++0.0023040 +0.0012140 —0.0005292
550-650 +0.0002512 +0.0012140 +0.0086490 +0.0057140
> 650 +0.0003644 —0.0005292 +0.0057140 +0.0216100

Table V: Correlation matrix for the total uncertainties of the combined CDF and DO differential

tt _
Afpp vs. my.

myz [GeV /2] 350 — 450 450 — 550 550 — 650 > 650
350 — 450 +1.000 +0.432 +0.073 +0.067
450 — 550 +0.432 +1.000 +0.272 —0.075
550 — 650 +0.073 +0.272 +1.000 +0.418
> 650 +0.067 —0.075 +0.418 +1.000
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Figure 1: Differential A??B vs. myf for the Tevatron combination. The linear slope of the combined
result is given by the solid black line together with the total uncertainty of the two-parameter fit
(shaded gray area). The dashed solid orange line shows the NNLO QCD + NLO EW prediction of

Refs. [5—7], while the shaded orange area shows the 1 SD theoretical uncertainty on the prediction.
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Figure 2: Correlation of the slope and intercept from the linear fit of the AtFEB vs. my; data rep-
resented as 68% confidence ellipses, and shown at my; = 450 GeV/c?. The smaller dashed orange
ellipse shows the correlation of the slope and intercept of the NNLO QCD + NLO EW prediction
of Refs. [5-7].
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Figure 3: Correlations of combined statistical and systematic uncertainties represented as 68%
confidence ellipses between the first and second A%’?B vs. myz bin (a), the second and third A%EB Vs.
myz bin (b), and the third and fourth A%, vs. m,7 bin (c). The orange marker shows the NNLO
QCD + NLO EW theoretical prediction [5—7] while the dashed orange ellipse shows the theoretical
uncertainty on the prediction.



Table VI: Inputs of the differential A%EB vs. |Ayyz| results in the ¢+jets channels and ¢¢ channel.
Their statistical and systematic uncertainties are broken down for the individual |Ay,;| bins. The
listed systematic uncertainties originate from the measurement method (Method), signal modeling
(Signal), parton-distribution function (PDF), detector modeling (Detector), and from background
shape (Bkd dist) and background normalization (Bkd norm).

Uncertainty

Aytf A%EB T - B .
Total Statistical Method Signal PDF Detector Bkd dist Bkd norm

DO (+jets

0.00-0.25  0.018 0.012  0.010 0.004 0.004 0.002 0.003 0.004 0.001
0.25-0.50  0.054 0.033  0.029 0.009 0.008 0.003 0.005 0.008 0.001
0.50-1.00  0.108 0.048  0.045 0.010  0.009 0.004 0.006 0.009 0.001
> 1.00 0.218 0.071  0.064 0.017 0.015 0.007 0.010 0.016 0.002
CDF (+jets

0.00-0.50  0.048 0.042  0.034 0.004 0.017 0.001 0.005 0.017 0.005
0.50-1.00  0.180 0.074  0.057 0.008 0.027 0.001 0.015 0.029 0.017
1.00-1.50  0.356 0.088  0.080 0.001  0.013 0.001 0.004 0.005 0.032

> 1.50 0.477 0.151  0.132 0.018 0.034 0.004 0.012 0.044 0.043
CDF o
0.00-0.50  0.12 0.39 0.33 0.06 0.16 0.01 0.02 0.13

> 0.50 0.13 0.17 0.13 0.02 0.09 0.01 0.02 0.06
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Table VIII: Correlation matrix of the total uncertainties of the differential A%{B vs. |Ay,z| results

employed in the combined x? fit. The PDF and signal uncertainties are assumed to be fully

correlated between CDF and DO (+1), while others are assumed to be uncorrelated.

DO (+jets CDF /{+jets CDF ¢
Ayyy 0.00-0.25 0.25-0.50 0.50-1.00 > 1.00 0.00-0.50 0.50-1.00 1.00-1.50 > 1.50 0.00-0.50 > 0.50
DO /+jets
0.00-0.25 +1.000 +40.758 +0.720 +0.234 +0.128 +0.120 +0.050 +0.076 +0.126 +0.177
0.25-0.50 +0.758 +1.000 40.854 +0.223 +0.097 +0.090 +0.037 +0.056 +0.094 +0.132
0.50-1.00 +0.720 4+0.854 +1.000 +0.326 +0.074 +0.069 +0.029 +0.043 +0.072 +0.101
> 1.00 +0.234 40.223 +0.326 +1.000 +0.085 +0.080 +0.033 +0.050 +0.083 +0.117
CDF {(+jets
0.00-0.50 +0.128  40.097 40.074 +40.085 +1.000 +0.662 +0.006 —0.316 +0.155 —0.180
0.50-1.00 +0.120  4+0.090  40.069 +0.080 +0.662 +1.000 +0.381 —0.025 —0.005 +0.009
1.00-1.50 +0.050 +40.037 40.029 +40.033 +0.006 +0.381 +1.000 +0.860 —0.015 +0.043
> 1.50 +0.076  4+0.056  4+0.043 +0.050 —0.316 —0.025 +0.860 +1.000 —0.052 +0.100
CDF /¢
0.00-0.50 +0.126  4+0.094 +0.072 +40.083 +0.155 —0.005 —0.015 —0.052 +1.000 —0.333
> 0.50 +0.177 4+0.132 +0.101 +0.117 —-0.180 +0.009 +0.043 +0.100 —-0.333 +1.000

Table IX: Statistical and systematic uncertainties in the individual inclusive A%B inputs.

Uncertainty CDF (+jets [12] CDF ¢4 [13] DO ¢+jets [11] DO ¢ [15] Combination
Statistical 0.024 0.052 0.027 0.037 0.016
Background 0.015 0.029 o 0.008 0.008
Signal 0.007 < 0.001 0.008 0.005 0.006
Detector 0.002 0.004 0w 0.005 0.004
Method o0 0.006 0.008 0.004 0.005
PDF 0.003 < 0.001 0.002 < 0.001 0.002

Table X: Inputs to and results from the combination of the inclusive A%B asymmetries.

. Uncertainty :
Analysis v Stat. Syst. Total Weight
CDF (+jets [12] 0.105 0.024 MRyt 005 0.40
CDF ¢¢ [13] 0.072 0.052 0.030 0.060 0.11
DO (+jets [14] 0.050 0.027 By My 0.27
DO ¢ [17] 0.044 0.037 0.011 0.039 0.23
Combination 0.073 0.016 0.012 0.020




Table XI: Statistical and systematic uncertainties in the individual inclusive A%ZB inputs as well as
in the combined results.

Uncertainty CDF ¢t [13] DO ¢¢ [15] Combination
Statistical 0.072 0.054 0.043
Background 0.037 0.009 0.013
Signal < 0.001 0.009 0.001
Detector 0.003 0.006 0.008
Method 0.013 0.004 0.005
PDF < 0.001 < 0.001 0.001

Table XII: Inputs to and results from the combination of the inclusive A%ZB asymmetries.

Analysis AL, Uncertainty Weight
Stat. Syst. Total

CDF ¢¢ [13] 0.076 0.072 0.037 0.082 0.32

DO ¢¢ [15] 0.123 0.054 0.015 0.056 0.68

Combination 0.108 0.043 0.016 0.046
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